Objective: The genes encoding for gamma-aminobutyric acid (GABA) A and B receptors may be considered as candidates for alcoholism; genetic alterations at this level may produce structural and functional diversity and thus play a role in the response to alcohol addiction treatment. To investigate these aspects further, we conducted a preliminary genetic association study on a population of Italian male alcohol addicts, focusing on GABA A and B receptors. Methods: A total of 186 alcohol-dependent subjects (in the first phase 139, then 47 more samples) and 182 controls were genotyped for 25 single nucleotide polymorphisms (SNPs) of genes encoding the alpha-1 subunit of GABA A receptor (GABRA1) and subunits 1 and 2 of GABA B receptor (GABBR1 and GABBR2). The chi-squared test for allele and genotype distributions and Hardy-Weinberg equilibrium analysis of both subjects and controls were performed. Bonferroni's correction for multiple comparisons was applied. Results: Preliminary results comparing 139 alcohol-dependent subjects and 182 controls showed differences in genotype distribution in the former for SNP rs29253, located in the intron region of the GABBR1 gene. In order to clarify the meaning of this association, 47 more samples from alcohol-dependent subjects were tested for this SNP only: the previously found association was not confirmed. Conclusion: The lack of significant differences between the two groups does not provide evidence that GABRA 1 and GABBR1 and 2 genes are candidates for alcoholism in this population. Further studies with larger samples are needed, together with investigation of other components of the GABA pathway.
INTRODUCTION
Alcohol consumption has been associated with personal, family, social and medico-legal problems, including dropping out of school, productivity losses at work, and driving impairment with road accidents. 1, 2) The development of alcohol dependence and, in general, of alcohol use disorder has been linked to environmental and biological factors.
3) Among the latter, the neurobiological pathway of gamma-amynobutyric acid (GABA) has been related to alcohol dependence. [4] [5] [6] This relation is supported by evidence that the GABA system is involved in the acute and chronic behavioral effects of ethanol, 7) including defective motor coordination, anxiolysis, sedation, withdrawal signs, and ethanol preference. 8, 9) The relation between alcoholism and the GABA system has also been analysed in studies of GABA receptors. The most frequent subtypes of GABA receptors are type A and type B.
The relation between GABA A receptor and alcoholism has been examined from the pharmacological and genetic points of view in both animal and human studies. 9, 10) The GABA A receptor is a trans-membrane ligand-gated ion channel which has been shown to be directly modulated by ethanol, which specifically potentiates ligand-gated currents. Acute ethanol exposure causes ion channel opening, with increased GABA-gated chloride ion uptake.
11) The agonists of GABA A receptor tend to enhance the behavioral effects of alcohol, whereas its antagonists attenuate them. 9) Human genetic studies have reported conflicting results about the role of the genetic region coding for this receptor and the development of alcoholism. [12] [13] [14] [15] GABA B receptor, involved in the pathophysiology of several neuropsychiatric disorders, 16, 17) has also been studied in relation to alcoholism.
18) The role of the direct agonists of this receptor, including baclofen and positive allosteric modulators, on various alcohol-related behaviors, 19) again supports the relation between GABA pathways and alcohol. The drugs acting on this receptor constitute a novel class of potentially effective substances against alcohol dependence.
Genetic studies on DNA regions coding for GABA B receptor performed on GABBR1 gene highlight an association with alcoholism and electroencephalographic abnormalities 20) but do not reveal any relation with diagnosis of alcoholism or withdrawal seizures. 18) As GABA is related to alcohol dependence, the drugs acting on GABA A and B receptors (e.g., baclofen or gamma hydroxybutyric acid) may be used to treat alcohol dependence, so that the genes encoding for these receptors may be viewed as candidates for alcoholism and potentially important in modulating the response to alcohol addiction treatment.
To examine these aspects further, we carried out a case-control study to explore the association between the single nucleotide polymorphisms (SNPs) of three GABA receptor genes (GABRA1, GABBR1, GABBR2) and alcohol dependence in a quite homogeneous population of subjects from the Veneto Region, North-East Italy.
METHODS

Participants and Phenotype Assessment
The total cohort analysed contained 368 Italian subjects from the same region, subdivided into two groups: group 1, n=186, subjects with alcohol dependence according to the Diagnostic and Statistical Manual of Mental Disorders 4th edition text revision (DSM IV-TR) criteria, 21) recruited from the substance addiction centers of Dolo, Rovigo, Cittadella, and the Section of Forensic Toxicology, University Hospital of Padova; group 2, n=182, recruited from donors from the blood donor centers of Padova Hospital and the nearby "Ai Colli" Hospital.
Participants were all male Italian subjects with grandparents born in the Veneto Region, over the age of 25 and, for group 1, with the onset of alcohol dependence before the age of 25. Exclusion criteria for both groups were psychiatric, neurological and/or medical disorders.
After the aims of the study had been explained to the subjects, together with information on the strict confidentiality and anonymity of recorded data, subjects' written informed consent was obtained. After examination of medical documentation (including chemico-toxicological analyses), anamnesis, and Audit and Cage clinical-behavioral tests, all subjects were subjected to a general objective and toxicological clinical examination.
At the end of the interviews and examinations, EDTA-anticoagulated peripheral blood samples were obtained from each participant for DNA extraction.
The study protocol was approved by the local Ethics Committee for clinical trials of the province of Padova, Hospital of Padova.
SNP Selection and Genotyping
SNPs were selected from the dbSNP database of National Center for Biotechnology Information, United States (NCBI; http://www.ncbi.nlm.nih.gov) and from literature findings for DNA regions encoding for GABA A receptor, alpha-1 subunit (GABRA1 gene) and GABA B receptor, subunit 1 (GABBR1 gene) and subunit 2 (GABBR2 gene).
For primary screening of polymorphisms in GABA receptor genes, non-synonymous SNPs located in the coding regions were first selected, as amino-acid changes by SNPs within exon regions may affect protein structure and/or function. Exon SNPs responsible for silent mutation without amino-acid changes were also included in the study. In addition, SNPs in intron regions and promoters were selected, because they may affect mRNA splicing and gene expression, respectively.
A total of 25 SNPs were genotyped: 5 SNPs of GABRA1 gene were located in intron regions (rs 12653365, rs 1026447, rs 10042696, rs 12188495, rs 7701394). Seven SNPs were selected for GABBR1 gene: two SNPs in exon regions (rs 29225, rs 29230) and five in intron regions (rs 3025632, rs 29253, rs 29267, rs 2267635, rs 29259). Thirteen SNPs were genotyped in GABBR2 gene: two in 3'UTR (rs 10124070, rs 9696283) regions, five in coding regions (rs 2304389, rs 3750344, rs 74856364, rs 10985765, rs 80294096) and six in intron regions (rs 3780428, rs 13295101, rs 7865648, rs 12337255, rs 2900512, rs 3780421).
Genome DNA was isolated from venous blood and extracted in an automated 96-well plate system (Multi-PROBE II HTFEX automated system; Perkin Elmer, Shelton, CT, USA). SNPs were genotyped on the GenomeLab SNPStream high-throughput 12-plex genotyping platform (Beckman Coulter, Fullerton, CA, USA) according to methods previously described by Terranova MAF, minor allele frequency; ID SNPs, identified single nucletide polymorphisms; C, cytosine; T, timine; AD, alcohol dependent; GABRA1, gamma-aminobutyric acid A receptor, alpha-1 subunit; GABBR1, gamma-aminobutyric acid B receptor, subunit 1; GABBR2, GABBR subunit 2; UTR, untranslated region; A, adenine; G, guanine; UTR, untranslated region.
et al. 6) SNP analysis were carried out in two phases. First, genotyping was performed, comparing 139 alcohol-dependent subjects and 182 controls. Then 47 other samples from alcohol-dependent subjects were compared with the same controls.
Results were confirmed by direct sequencing on an ABI Prism 3130xl Genetic Analyzer (Applied Biosystems, Foster City, CA, USA). 
Statistical Analysis
To evaluate study feasibility, a power analysis was performed with software available at http://pngu.mgh.harvar d.edu/~purcell/gpc/. Power was set at ＞80%, significance α=0.05.
Statistical analyses were carried out by Powermaker (North Carolina State University, Raleigh, NC, USA).
22)
The allele frequencies and genotype distributions of each polymorphism were compared in subjects and controls with the χ 2 test, p≤0.05, to detect statistically significant SNPs.
Hardy-Weinberg equilibrium (HWE) was tested in all 368 subjects, i.e., both groups (186 alcohol-dependent subjects and 182 controls). Bonferroni's correction for multiple comparisons was applied.
Linkage disequilibrium (LD) and haplotype block structure were revealed by Haploview software version 4.1.
23)
RESULTS
Twenty-five SNPs located in the GABRA1, GABBR1 and GABBR2 gene regions were genotyped in two phases, according to the number and type of samples. First, 139 alcohol-dependent and 182 controls were genotyped. Table 1 lists the 23 SNPs which turned out to be polymorphic. HWE for the 23 SNPs which were polymorphic (minor allele frequencies＞1%) was tested separately in subjects and controls with the chi-squared test. Deviations from HWE were found for the following SNPs in alcohol-dependent subjects: rs 12653365, rs 29230, rs 2267635, rs 29253, rs 9696283, rs 3780428, rs 3025632. In controls, the SNPs involved were rs 2267635, rs 10985765, rs 7865648 and rs 3780428. Allele and geno- ID SNPs, identified single nucletide polimorphisms; C, cytosine; T, timine; GABBR1, gamma-aminobutyric acid B receptor, subunit 1; AD, alcohol dependent.
type frequencies were also calculated, to test the association between the 23 SNPs and alcohol dependence. No significant differences were found, except for SNP rs 29253 (p=0.0129; Table 1 ) located in the intron region of GABBR1 gene. However, this association did not resist Bonferroni correction for multiple testing (p-threshold ＜0.002). LD plot strengths between 6 SNPs and haplotype blocks in GABBR1 were tested for alcohol dependent and controls, separately and for the whole sample. Haplotype blocks for alcohol dependent samples are shown in Fig. 1 . SNP rs 29253 was found with high LD in intron SNP rs 29259 (D'=0.96) and exon SNP rs 29225 (D'=0.93). Similar LD patterns were observed in the control group. In this case, a second LD block was observed, with SNPs rs 29267 and rs 29230 (D'=0.97). Results are shown in Fig. 2 .
LD haplotype blocks for SNPs in the whole sample (alcohol-dependent and controls) are shown in Fig. 3 . Two LD blocks were defined: one consisting of SNPs rs 29267 and rs 29230 (D'=0.94) and the other SNPs rs 29259 and rs 29253 (D'=0.94).
The haplotypes identified for the two SNPs in each block are listed in Table 2 , which also shows haplotype frequencies, calculated for the whole sample and for subjects and controls independently.
As the Bonferroni correction could be extremely conservative, leading to a high rate of false negative, we decided to clarify the possible significance of the SNP rs 29253 in a second sample of alcohol dependent subjects. After a power analysis based on the first sample (power was set at ＞80%), 47 additional alcohol dependent subjects were genotyped. Allele and genotype frequency distributions for these 47 and the 182 controls are listed in Table 3 . No significant differences were found (p=0.766).
DISCUSSION
This research is the first Italian genetic study evaluating the association between SNPs of GABRA1, GABBR1 and GABBR2 genes and alcohol dependence in a population of subjects all coming from the same region of Italy.
The candidate gene approach was considered suitable for our study, as the trait analysed-alcohol dependence -is relatively homogeneous. In proposing the study, the authors are aware of the low sample size, considering the low risk associated with common variants in relation to psychiatric disorders. However, taking into account sample size, the statistical test at level α=0.05 has sufficient power (at least 80%) to demonstrate differences of 15-20% compared with a proportion in the control groups of around 60%.
Association studies of SNPs of GABA A and B receptor DNA regions have already been performed, more frequently analysing subunits of GABA A. 24) In order to focus on DNA regions less frequently studied in relation to alcohol dependence, we chose to analyse only five SNPs of GABRA1 gene and 20 SNPs of GABA B receptor genes (7 SNPs of GABBR1, 13 SNPs of GABBR2 gene), although pharmacological studies indicate that GABA A rather than GABA B receptor is more strongly implicated in alcohol dependence. Most of the chosen SNPs have never been investigated in relation to diagnosis of alcohol dependence or related phenotypes.
Specifically, Dick et al. 25) tested various SNPs on the GABA A receptor gene cluster and 16 SNPs of the GABRA1 gene for their association with several alcohol-related behaviors. They observed an association across multiple SNPs in GABRA1 with alcohol-related phenotypes, but not for SNP rs 1026447 (which we also studied). The lack of association for GABRA1 in our sample is not in contrast with the above study, and is mainly due to the fact that the studied SNPs were different, with a different population, and only the diagnosis of alcohol dependence was tested, not that of the alcohol-related phenotype.
SNP rs 29230 in the exon regions of GABBR1 gene has been associated with alcoholism and EEG abnormalities, 26) although Köhnke et al. 18) in 2006 did not find any evidence for considering this SNP as a candidate for alcoholism or alcohol withdrawal seizures. Our findings confirm the lack of association between rs 29230 and alcohol dependence.
For the same GABBR1 gene, we analysed six other SNPs, and found a statistical association between intron SNP rs 29253, never previously studied, and the condition of alcohol dependence. Polymorphism rs 29253 is located in an intron region and does not affect the amino acid sequence of the receptor GABA B subunit 1, responsible for ligand binding in heterodimer configurations. 27) To clarify this association further, we extended analysis of this SNP to 47 other alcohol-dependent samples, using the same number of controls. The results showed no evidence of association between SNP rs 29253 and alcohol dependence, and neither did we find any evidence of association between GABBR1 gene and alcohol dependence. However, because recent studies 19) report that GABA B receptor is involved in alcoholism and alcohol withdrawal, future research should explore the existence of other still unknown SNPs, particularly functional polymorphisms, of the GABBR1 gene which may be significantly associated with alcohol dependence.
Five SNPs in GABBR2 (rs 3750344, rs 13295101, rs 7865648, rs 12337255, rs 2900512) have been found to be significantly associated with nicotine dependence, 28, 29) a condition which frequently coexists and shares some genetic factors with alcohol dependence. We did not find any association between the SNPs examined in GABBR2 and alcohol dependence.
Despite the lack of significant differences between the compared groups, further analysis of more SNPs in a larger sample of subjects would provide new information on the relationship between GABA receptor genes and alcohol dependence.
In conclusion, future developments of our study might include analysis of variants in GABA receptor genes, not only of their association with alcohol dependence but also as moderators of the response to alcohol addiction treatment. Potential future genetic characterization may suggest the influence of DNA variations on the response to such treatment. Lastly, we are interested in further assessments to ascertain whether genes of GABA receptors can moderate the effect of environmental factors (such as alcohol availability, parental attitudes, peer pressure, underage drinking and childhood maltreatment) on vulnerability to developing alcohol dependence.
